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ABSTRACT	  	   THE	  RELATIONSHIP	  OF	  APPLIED	  ROCK	  PHOSPHATE	  ON	  THE	  GROWTH	  OF	  SWEET	  CORN	  DEBORAH	  A.	  SUTHERLAND	  FALL	  1987	  	   Banding	  is	  a	  more	  intense	  application	  of	  fertilizers	  than	  broadcasting.	  	  Literature	  reviews	  have	  indicated	  that	  a	  higher	  amount	  of	  phosphorus	  in	  the	  root	  zone	  can	  enhance	  the	  growth	  and	  development	  of	  seedlings	  (Amin	  and	  Zaidi,	  2004).	  	  Field	  trials	  on	  Sandy	  and	  Loam	  soils	  were	  conducted	  to	  test	  the	  effects	  of	  rock	  phosphate	  on	  sweet	  corn.	  	  These	  effects	  were	  investigated	  by	  studying	  the	  height,	  dry	  weight	  and	  phosphorus	  uptake	  of	  plants	  grown	  in	  soils	  banded	  with	  0-­‐90	  lb	  P2O5/AFS.	  	  The	  results	  were	  moderate	  increases	  in	  plant	  height	  with	  applied	  rock	  phosphorus.	  	  The	  laboratory	  studies	  entailed	  oven	  drying	  forty	  day	  old	  corn	  plants	  to	  obtain	  their	  dry	  weights,	  then	  grinding	  and	  ashing	  the	  plants	  in	  order	  to	  extract	  the	  phosphorus	  through	  the	  phospho-­‐molybdo-­‐vanadate-­‐nitric	  acid	  method.	  	  The	  phosphorus	  extraction	  showed	  a	  direct	  correlation	  between	  applied	  rock	  phosphate	  and	  phosphorus	  uptake	  by	  the	  plants.	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INTRODUCTION	  	   The	  relationship	  of	  phosphorus	  to	  crop	  yield	  response	  has	  long	  been	  under	  investigation.	  	  Phosphorus	  has	  been	  recognized	  as	  the	  second	  major	  macronutrient	  in	  terms	  of	  net	  need	  for	  plant	  growth	  and	  development.	  	  Adequate	  supply	  of	  phosphorus	  is	  essential	  to	  the	  development	  of	  the	  plant’s	  root	  systems	  (Narayanan	  and	  Reddy,	  1982).	  Researchers	  have	  often	  hypothesized	  that	  net	  plant	  growth	  could	  be	  significantly	  improved	  if	  plant	  uptake	  of	  phosphorus	  could	  be	  increased.	  The	  main	  limitation	  of	  plant	  phosphorus	  uptake	  is	  its	  availability	  to	  the	  plant.	  	  Phosphorus	  is	  not	  readily	  available	  to	  the	  plant	  because	  it	  is	  very	  reactive	  with	  other	  soil	  components	  such	  as	  magnesium,	  calcium,	  iron	  and	  aluminum.	  	  Phosphorus	  readily	  reacts	  with	  these	  components	  to	  form	  water	  insoluble	  complexes.	  	  Also,	  the	  mineralization	  of	  phosphorus	  is	  very	  slow.	  	  Much	  of	  the	  phosphorus	  applied	  today	  will	  not	  be	  available	  for	  plant	  uptake	  for	  several	  years.	  	  Phosphorus	  is	  also	  unavailable	  to	  the	  plant	  because	  it	  is	  highly	  immobile	  in	  the	  soil,	  thus	  the	  plant’s	  roots	  must	  grow	  in	  order	  to	  obtain	  more	  phosphorus.	  	  Since	  root	  interception	  is	  the	  major	  way	  plants	  obtain	  more	  phosphorus,	  phosphorus	  uptake	  can	  often	  be	  limited	  to	  the	  growth	  of	  the	  plant’s	  roots	  (Follett,	  et	  al.	  pg.	  84).	  It	  is	  thought	  that	  plant	  growth	  and	  development	  could	  be	  significantly	  enhanced	  if	  the	  phosphorus	  level	  were	  increased	  by	  both	  preplant	  and	  seedbanding	  application	  of	  phosphorus	  while	  the	  pH	  is	  kept	  at	  a	  level	  where	  phosphorus	  uptake	  would	  be	  maximized.	  	  Research	  conducted	  by	  Cabrera,	  M.	  et	  al.	  in	  1986,	  indicated	  an	  increase	  in	  winter	  wheat	  yields	  when	  the	  wheat	  was	  either	  preplant	  banded	  or	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seedbanded	  with	  phosphorus	  and	  nitrogen.	  	  They	  found	  that	  banded	  application	  yielded	  the	  most	  significant	  results,	  with	  a	  7-­‐12%	  higher	  yield	  for	  banded	  application	  over	  broadcast	  application.	  The	  availability	  of	  phosphorus	  is	  largely	  pH	  dependent.	  	  The	  optimum	  pH	  for	  phosphorus	  availability	  is	  between	  pH	  6.0	  and	  pH	  7.5.	  	  At	  pH	  levels	  above	  7.5	  the	  soil	  is	  alkaline,	  thus	  the	  calcium	  and	  magnesium	  cations	  are	  highly	  soluble	  and	  react	  with	  the	  phosphorus	  to	  form	  water	  insoluble	  complexes.	  	  At	  pH	  levels	  below	  6.0	  the	  soil	  is	  acidic.	  	  Under	  acidic	  conditions	  many	  metal	  micronutrients	  become	  available	  and	  form	  water	  insoluble	  complexes	  with	  phosphorus	  (Follett	  et	  al.	  pg	  84).	  	  Therefore	  keeping	  the	  soil	  at	  the	  proper	  pH	  is	  essential	  to	  maximize	  the	  uptake	  of	  phosphorus	  by	  the	  plant.	  Another	  factor	  influencing	  plant	  uptake	  of	  phosphorus	  is	  the	  temperature	  at	  which	  the	  soil	  and	  plant	  are	  maintained.	  	  The	  speed	  of	  chemical	  and	  biological	  reactions	  increase	  with	  increasing	  temperatures.	  	  However,	  soil	  weathering,	  which	  also	  increases	  as	  temperature	  increases,	  releases	  hydrous	  oxides	  of	  iron	  and	  aluminum	  which	  are	  known	  to	  tie	  up	  phosphorus,	  thus	  reducing	  the	  availability	  of	  phosphorus	  in	  the	  soil.	  	  In	  1960,	  Mack	  and	  Barber	  conducted	  a	  study	  on	  the	  effects	  of	  soil	  incubation	  temperature	  on	  phosphorus	  extractability.	  	  They	  found	  that	  the	  extractable	  phosphorus	  was	  lower	  at	  higher	  temperatures.	  	  Assimilation	  of	  phosphorus	  into	  microbial	  nucleic	  acids,	  phospholipids	  and	  other	  such	  substances	  leads	  to	  an	  accumulation	  of	  phosphorus	  compounds	  that	  are	  not	  readily	  extractable.	  	  Thus	  soil	  temperature	  can	  have	  both	  a	  positive	  or	  negative	  influence	  on	  the	  uptake	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of	  phosphorus	  depending	  on	  the	  microbial	  activity,	  chemical	  characteristics	  and	  organic	  matter	  content	  of	  the	  soil.	  In	  this	  project	  the	  relationship	  of	  applied	  rock	  phosphate	  to	  the	  growth	  of	  sweet	  corn	  seeds	  was	  studied.	  	  This	  was	  accomplished	  by	  using	  both	  Loam	  and	  Sandy	  soils	  banded	  with	  0-­‐90	  lb/AFS	  rock	  phosphate.	  	  The	  sweet	  corn	  seeds	  were	  planted	  directly	  above	  the	  banded	  layer	  of	  rock	  phosphate.	  	  The	  heights	  of	  the	  plants	  were	  carefully	  monitored.	  	  Forty	  days	  after	  planting	  the	  corn	  the	  plants	  were	  cut	  and	  oven	  dried	  at	  98°C	  for	  48	  hours.	  	  The	  samples	  were	  then	  weighed,	  ground	  and	  ashed.	  	  Plant	  phosphorus	  was	  extracted	  from	  the	  ashed	  material	  to	  establish	  the	  relationship	  between	  applied	  phosphorus	  and	  plant	  uptake.
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MATERIALS	  AND	  METHODS	  	  Study	  Area	  The	  experimental	  site	  was	  established	  October	  31,	  1987	  in	  the	  Soil	  Science	  Department’s	  greenhouse	  on	  the	  California	  Polytechnic	  State	  University	  Campus.	  	  In	  the	  greenhouse	  two	  sets	  of	  twenty-­‐eight	  9-­‐inch	  pots	  were	  each	  potted	  with	  2000	  grams	  of	  soil.	  	  The	  first	  set	  was	  potted	  with	  a	  Loam	  soil	  and	  the	  second	  with	  a	  Sandy	  soil.	  	  Each	  set	  was	  subdivided	  into	  seven	  quadruplicate	  treatments	  of	  rock	  phosphate	  (.04-­‐22.5-­‐.32).	  	  The	  seven	  treatments	  ranged	  from	  0-­‐90	  lb/AFS	  of	  rock	  phosphate.	  	  Each	  treatment	  of	  fertilizer	  was	  banded	  1-­‐1/2”	  below	  the	  surface	  of	  the	  pot.	  	  The	  sides	  of	  the	  pots	  were	  marked	  to	  indicate	  the	  starting	  and	  ending	  point	  of	  the	  banding.	  	  In	  each	  pot,	  eight	  sweet	  corn	  seeds	  were	  planted	  1”	  deep	  directly	  above	  the	  banded	  layer	  of	  fertilizer.	  	  The	  soils	  were	  then	  watered	  until	  completely	  moist.	  	  The	  pots	  were	  placed	  in	  the	  greenhouse	  in	  rows	  of	  increasing	  applied	  rock	  phosphate,	  with	  the	  control	  placed	  after	  the	  highest	  treatment.	  	  The	  plants	  were	  watered	  to	  keep	  the	  surface	  moist.	  	  Sixteen	  days	  after	  planting	  the	  corn	  seedlings	  were	  thinned	  to	  5	  plants	  per	  pot.	  	  Four	  weeks	  after	  planting,	  15	  mls	  of	  a	  10%	  nitrogen	  solution	  was	  added	  to	  each	  pot	  to	  treat	  nitrogen	  deficiency.	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Sampling	  and	  Testing	  	  Collecting	  the	  Sample	  This	  project	  investigated	  data	  from	  40	  day	  corn	  plants	  grown	  in	  Loam	  and	  Sandy	  soils	  at	  rates	  of	  0-­‐90	  lb	  P2O5/AFS.	  	  The	  plants	  were	  cut	  at	  their	  base,	  flush	  with	  the	  soil,	  on	  December	  10,	  1987.	  	  Then	  the	  samples	  were	  placed	  in	  pre-­‐weighed	  bags,	  oven	  dried	  at	  98°C	  for	  48	  hours,	  cooled	  and	  weighed.	  	  After	  recording	  the	  samples	  dry	  weights	  they	  were	  ground	  by	  a	  10-­‐mesh	  grinder	  and	  placed	  in	  prelabeled	  bottles.	  	  Procedures	  for	  Dry	  Ashing	  Plant	  Materials	  Acid	  rinse	  all	  glass	  equipment	  before	  use.	  	  Do	  not	  allow	  equipment	  to	  come	  into	  contact	  with	  paper	  products.	  	  Clean	  the	  crucibles	  thoroughly,	  drying	  them	  in	  an	  oven.	  	  Label	  the	  crucibles	  with	  a	  heat	  resistant	  marker.	  	  Add	  2	  grams	  of	  plant	  material,	  whenever	  sample	  size	  permits,	  to	  cooled	  pre-­‐weighed	  crucibles.	  	  Repeat	  this	  procedure	  for	  all	  56	  samples.	  	  Then	  place	  the	  samples	  in	  a	  muffle	  furnace	  set	  at	  200°C	  for	  2	  hours.	  	  At	  the	  end	  of	  2	  hours	  raise	  the	  temperature	  to	  500°C	  for	  5	  hours.	  	  After	  5	  hours	  turn	  off	  the	  furnace	  and	  allow	  it	  to	  cool	  over	  night	  before	  opening.	  	  In	  the	  morning	  open	  the	  furnace	  door	  and	  allow	  another	  hour	  before	  removing	  the	  samples.	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Dissolution	  of	  Ash	  The	  ash	  was	  dissolved	  by	  adding	  20	  ml	  of	  2N	  HCl	  to	  the	  crucible,	  stirring	  the	  sample	  with	  a	  clean	  glass	  stirring	  rod.	  	  The	  crucible	  and	  stirring	  rod	  were	  then	  put	  on	  a	  hot	  plate	  set	  at	  low	  heat	  for	  ten	  minutes	  to	  dissolve	  the	  soluble	  constituents	  in	  the	  ash.	  	  After	  the	  residue	  has	  dissolved,	  the	  solution	  was	  filtered	  into	  a	  clean	  100-­‐ml	  volumetric	  flask	  using	  a	  funnel	  fitted	  with	  Whatman	  #1	  filter	  paper.	  	  The	  crucible	  and	  glass	  rod	  were	  washed	  with	  deionized	  water	  at	  least	  five	  times,	  collecting	  all	  washings	  in	  the	  filter.	  	  The	  filter	  was	  then	  washed	  with	  deionized	  water	  until	  the	  filtrate	  reached	  the	  100	  ml	  mark.	  	  The	  solutions	  were	  then	  mixed	  by	  covering	  the	  flask’s	  top	  with	  a	  piece	  of	  parafilm	  and	  inverting	  the	  flask	  a	  minimum	  of	  10	  times.	  	  The	  solutions	  were	  then	  stored	  in	  prelabled	  clean	  polyethylene	  bottles.	  	  Phospho-­‐molybdo-­‐vanadate-­‐nitric	  Acid	  Method	  Phosphorus	  was	  tested	  for	  by	  using	  5	  mls	  of	  aliquot	  of	  plant	  extract	  from	  the	  polyethylene	  bottles.	  	  The	  extract	  was	  placed	  in	  a	  50	  ml	  volumetric	  flask.	  	  Using	  a	  10	  ml	  burret,	  10	  ml	  of	  molybdo-­‐vanadate-­‐nitric	  acid	  solution	  was	  added	  and	  stirred	  into	  the	  solution.	  	  The	  solution	  was	  then	  brought	  up	  to	  the	  50	  ml	  mark	  with	  deionized	  water.	  	  The	  solution	  was	  mixed	  by	  covering	  the	  flask’s	  top	  with	  a	  piece	  of	  parafilm	  and	  inverting	  it	  a	  minimum	  of	  10	  times.	  	  The	  solution	  was	  then	  set	  aside	  for	  15	  minutes	  to	  allow	  color	  to	  develope.	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Developing	  a	  Standard	  Curve	  	  Blank	   Using	  a	  50	  ml	  volumetric	  flask,	  add	  5	  ml	  of	  deionized	  water,	  10	  ml	  of	  molybdo-­‐vanadate-­‐nitric	  acid	  solution,	  stir	  and	  then	  add	  deionized	  water	  until	  the	  solution	  reaches	  the	  50	  ml	  mark.	  	  Set	  the	  spectrophotometer	  to	  a	  wavelength	  of	  470	  mu.	  	  Adjust	  the	  spectrophotometer	  to	  read	  100%	  transmittance	  with	  the	  blank	  in	  place.	   	  Standard	  Curve	  The	  standard	  curve	  was	  obtained	  by	  plotting	  the	  percent	  transmittance	  of	  solutions	  ranging	  from	  1-­‐30	  ppm	  P2O5.	  	  The	  blank	  was	  used	  between	  each	  test	  to	  insure	  accuracy.	  	  The	  percent	  transmittance	  was	  plotted	  against	  the	  ppm	  of	  P2O5	  on	  semilog	  paper.	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RESULTS	  	  Plant	  Emergence	  Corn	  seeds	  typically	  germinate	  between	  6	  and	  10	  days	  from	  planting	  and	  can	  be	  significantly	  impacted	  by	  soil	  temperature	  and	  the	  availability	  of	  water	  (Alley,	  M.	  and	  Martz,	  M.	  2009). The	  control	  replicates	  for	  both	  soils	  had	  a	  high	  number	  of	  plants	  emerging	  early.	  At	  Day	  4,	  the	  Loam	  control	  treatments	  (no	  P2O5	  added)	  had	  the	  highest	  plant	  emergence	  with	  8	  plants	  out	  of	  the	  32	  seeds	  planted,	  except	  for	  the	  90	  lb	  P2O5/AFS	  treated	  soil	  which	  had	  10	  seedlings	  (Table	  1).	  At	  Day	  4,	  the	  Sandy	  control	  had	  the	  highest	  plant	  emergence	  with	  6	  plants,	  whereas	  the	  90	  lb	  P2O5/AFS	  only	  had	  3	  plants	  (Table	  2).	  The	  seeds	  planted	  in	  the	  Loam	  soil	  generally	  germinated	  earlier	  than	  those	  in	  the	  Sandy	  soil	  (Figure	  1).	  	  At	  Day	  7,	  emergence	  rates	  from	  the	  Loam	  soils	  were	  between	  66%	  and	  91%	  depending	  on	  the	  treatment,	  whereas	  in	  the	  Sandy	  soil	  they	  were	  between	  25%	  and	  56%	  (Table	  3).	  	  The	  emergence	  rate	  generally	  increased	  as	  the	  application	  of	  fertilizer	  increased,	  with	  the	  exceptions	  of	  the	  control	  and	  treatment	  42.6	  lb	  P2O5/AFS	  in	  the	  Sandy	  soil	  where	  one	  of	  the	  four	  replicates	  for	  this	  treatment	  had	  3	  plants,	  instead	  of	  the	  expected	  5,	  at	  Day	  40,	  harvest.	  Additionally,	  Sandy	  soil	  treatment	  33.7	  lb	  P2O5/AFS	  had	  late	  emergence,	  where	  one	  of	  the	  four	  replicates	  fifth	  plant	  emerged	  on	  Day	  35,	  5	  days	  prior	  to	  harvest,	  instead	  of	  prior	  to	  Day	  16,	  which	  is	  when	  all	  of	  the	  other	  replicates	  where	  thinned	  to	  the	  tallest	  5	  plants. 
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Table 1. Plant Emergence in Loam Soil (32 seeds per treatment)  P2O5	  
lb/AFS 
Day 
3 
Day 
4 
Day 
5 
Day 
7 
Day 
16* 
Day 
21 
Day 
23 
Day 
35 
Day 
40 
0.0 2 8 19 28 28 20 20 20 20 
33.7 0 2 7 24 29 20 20 20 20 
37.5 0 0 8 22 31 20 20 20 20 
40.9 0 1 11 21 31 20 20 20 20 
42.6 0 0 12 29 32 20 20 20 20 
45.0 2 2 14 22 30 20 20 20 20 
90.0 0 10 19 26 30 20 20 20 20 
Total 
#Plants 4 23 90 172 211 140 140 140 140 
% 
Emergence 2% 10% 40% 77% 94% N/A N/A N/A N/A *	  Each	  of	  the	  4	  replicates	  per	  treatment	  were	  thinned	  to	  the	  5	  tallest	  plants	  at	  Day	  16	  
 
Table 2. Plant Emergence in Sandy Soil (32 seeds per treatment)  P2O5	  
lb/AFS 
Day 
3 
Day 
4 
Day 
5 
Day 
7 
Day 
16* 
Day 
21 
Day 
23 
Day 
35 
Day 
40 
0.0 2 6 8 18 21 20 20 20 20 
33.7 0 0 2 10 26 19^ 19 20 20 
37.5 0 1 5 8 31 20 20 20 20 
40.9 0 0 1 15 32 20 20 20 20 
42.6 0 0 5 13 27 18^ 18 18 18 
45.0 0 3 10 15 32 20 20 20 20 
90.0 0 3 11 12 31 20 20 20 20 
Total # 
Plants 2 13 42 91 200 137 137 138 138 
% 
Emergence 1% 6% 19% 41% 89% N/A N/A N/A N/A *	  Each	  of	  the	  4	  replicates	  per	  treatment	  were	  thinned	  to	  the	  5	  tallest	  plants	  at	  Day	  16	  ^	  One	  of	  the	  replicates	  had	  less	  than	  5	  plants	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  Loam	   	   	   	   	  	   	  	  	  	  	  Sandy	  
	  	  	   	  Figure	  1.	  Emergence	  of	  Corn	  Seeds	  in	  Treated	  Soil	  of	  0	  –	  90	  lb	  P2O5/AFS	  	  Table	  3.	  Comparison	  of	  Day	  7	  Emergences	  per	  Treatment	  
Number of 
Plants 
Plants 
Loam/Sandy 
% Emergence* 
 
P2O5	  
lb/AFS 
Loam  Sandy % Loam  Sandy 
0.0 28 18 156% 88% 56% 
33.7 24 10 240% 75% 31% 
37.5 22 8 275% 69% 25% 
40.9 21 15 140% 66% 47% 
42.6 29 13 223% 91% 41% 
45.0 22 15 147% 69% 47% 
90.0 26 12 217% 81% 38% *32	  seeds	  were	  planted	  per	  treatment	  	  Plant	  Height	  The	  average	  heights	  of	  the	  plants	  in	  the	  Loam	  and	  Sandy	  soils	  were	  similar	  except	  for	  the	  33.7	  lb	  P2O5/AFS	  and	  90	  lb	  P2O5/AFS	  treatments	  where	  the	  average	  height	  of	  the	  corn	  plants	  in	  the	  Loam	  soils	  were	  significantly	  taller,	  20%	  and	  11%,	  respectively	  (Table	  4).	  	  Note,	  the	  average	  height	  of	  the	  plants	  grown	  in	  the	  Sandy	  soil	  treated	  with	  33.7	  lb	  P2O5/AFS	  was	  low	  because	  of	  the	  late	  emergence	  of	  a	  fifth	  plant	  in	  one	  of	  the	  four	  replicates	  5	  days	  prior	  to	  harvest.	  Excluding	  this	  replicate	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due	  to	  unusual	  emergence,	  the	  average	  height	  for	  this	  treatment	  would	  have	  been	  39.5	  cm,	  which	  is	  only	  7%	  below	  the	  average	  height	  for	  the	  Loam	  plants	  of	  the	  same	  treatment.	  The	  application	  of	  rock	  phosphate	  in	  the	  Loam	  soils	  only	  had	  a	  slight	  impact	  on	  growth	  at	  the	  low	  to	  moderate	  levels,	  with	  the	  greatest	  response	  seen	  at	  90	  lb	  P2O5/AFS	  treatment,	  where	  the	  average	  plant	  height	  was	  49.2	  cm	  compared	  to	  the	  control	  of	  41.5	  cm,	  17%	  increase.	  	  The	  plants	  grown	  in	  Sandy	  soil	  showed	  a	  general	  trend	  of	  increased	  height	  with	  increased	  rock	  phosphate	  application	  (Figure	  2),	  with	  the	  45	  lb	  P2O5/AFS	  treated	  plants	  having	  the	  highest	  average	  height	  of	  44.7	  cm	  compared	  to	  the	  control	  of	  39.4	  cm,	  13%	  increase,	  (Table	  4).	  	  Table	  4.	  Comparison	  of	  Plant	  Height	  at	  Harvest	  to	  the	  Control	  	  
Plant Height 
at 40 days 
(cm) 
Plant Height 
Loam/Sandy 
Change in 
Height from 
Control (cm) 
% Change in 
Height from 
Control 
Treatments 
P205 
lb/AFS 
Loam Sandy % Loam Sandy Loam Sandy 
0.0 41.5 39.4 105%         
33.7 42.1 35.2* 120% 0.5 -4.2 1% -11% 
37.5 42.2 41.4 102% 0.7 1.9 2% 5% 
40.9 42.5 42.9 99% 1.0 3.5 2% 9% 
42.6 42.9 42.6 101% 1.3 3.1 3% 8% 
45.0 44.2 44.7 99% 2.7 5.3 6% 13% 
90.0 49.2 44.2 111% 7.6 4.8 17% 12% *One	  replica	  had	  only	  4	  plants	  at	  initial	  trimming,	  Day	  16,	  and	  later	  had	  a	  seedling	  emerge	  5	  days	  prior	  to	  harvest	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  Figure	  2.	  Average	  Height	  of	  the	  Corn	  Plants	  Prior	  to	  Harvest	  at	  Day	  40	  	  Plant	  Dry	  Weight	  The	  application	  of	  rock	  phosphate	  had	  a	  similar	  response	  in	  both	  the	  Loam	  and	  Sandy	  soils.	  Excluding	  the	  controls,	  the	  dry	  weights	  for	  both	  soils	  generally	  increased	  with	  higher	  rates	  of	  rock	  phosphate	  application	  (Figure	  3).	  An	  exception	  to	  this	  was	  the	  Sandy	  42.6	  lb	  P2O5/AFS	  application,	  where	  the	  dry	  weight	  may	  have	  been	  impacted	  by	  low	  emergence.	  	  The	  Loam	  control	  had	  significantly	  higher	  average	  dry	  weights	  than	  the	  soils	  treated	  with	  the	  lower	  levels	  of	  rock	  phosphate,	  33.7	  –	  40.9	  lb	  P2O5/AFS	  (Table	  5).	  	  At	  the	  higher	  levels	  of	  rock	  phosphate	  application	  in	  the	  Loam	  soil,	  45	  lb	  P2O5/AFS	  and	  90	  lb	  P2O5/AFS,	  the	  dry	  weights	  increased	  over	  that	  of	  the	  control,	  peaking	  at	  an	  average	  of	  3.3	  g	  for	  the	  45.0	  lb	  P2O5/AFS	  treatment,	  and	  then	  dropped	  to	  an	  average	  of	  3.1	  g	  for	  the	  90	  lb	  P2O5/AFS	  treatment.	  	  	  The	  Sandy	  control	  average	  dry	  weight	  was	  higher	  than	  any	  of	  the	  plants	  treated	  with	  rock	  phosphate	  in	  the	  Sandy	  Soil.	  	  As	  with	  the	  Loam	  soil,	  the	  dry	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weights	  for	  the	  corn	  plants	  in	  Sandy	  soil	  treated	  with	  rock	  phosphorus	  were	  highest	  at	  45	  lb	  P2O5/AFS,	  2.4	  g,	  and	  90	  lb	  P2O5/AFS,	  2.1	  g.	  	  	  Table	  5.	  Dry	  Weight	  of	  the	  Corn	  Plants	  after	  Harvest	  
Dry Weight Dry Wt. 
Loam/Sandy 
% Change from 
Control 
P2O5	  
lb/AFS 
 Loam Sandy % Loam Sandy 
0.0 2.9 2.6 111%   
33.7 2.4 1.4* 167% -20% -47% 
37.5 2.7 1.9 142% -7% -27% 
40.9 2.5 2.0 127% -14% -24% 
42.6 2.9 1.8^ 160% 0% -30% 
45.0 3.3 2.4 141% 14% -10% 
90.0 3.1 2.1 147% 6% -20% *One	  replica	  had	  only	  4	  plants	  at	  initial	  trimming,	  Day	  16,	  and	  later	  had	  a	  seedling	  emerge	  5	  days	  prior	  to	  harvest	  ^	  One	  of	  four	  replicates	  had	  only	  3	  plants	  instead	  of	  the	  expected	  5	  due	  to	  low	  emergence	  	  	  
	  Figure	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  phosphorus	  in	  the	  plants	  grown	  in	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  (24%-­‐40%)	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  that	  of	  the	  Sandy	  soils	  for	  the	  same	  rock	  phosphate	  treatment	  (Table	  6).	  	  The	  uptake	  %	  P	  did	  not	  correlate	  with	  the	  application	  of	  phosphorus.	  In	  the	  Loam	  grown	  plants,	  the	  %	  P	  was	  highest	  at	  of	  33.7	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P2O5/AFS,	  and	  42.6	  lb	  P2O5/AFS	  and	  was	  lower	  at	  40.9	  lb	  P2O5/AFS	  and	  45	  lb	  P2O5/AFS,	  with	  90	  lb	  P2O5/AFS	  having	  the	  lowest	  %	  P	  for	  all	  the	  treated	  soils.	  	  The	  plants	  grown	  in	  the	  Sandy	  soil	  had	  similar	  results	  with	  the	  %	  P	  being	  highest	  in	  plants	  grown	  in	  treatments	  33.7	  lb	  P2O5/AFS,	  42.6	  lb	  P2O5/AFS	  and	  90	  lb	  P2O5/AFS,	  and	  lowest	  in	  plants	  grown	  in	  treatments	  37.5	  lb	  P2O5/AFS,	  and	  45	  lb	  P2O5/AFS	  (Figure	  4).	  	  Comparing	  the	  %	  P	  to	  the	  dry	  weight	  of	  the	  corn	  plants,	  there	  was	  a	  correlation	  observed.	  Plants	  that	  had	  a	  higher	  dry	  weight	  had	  a	  lower	  %	  P	  than	  plants	  with	  a	  lower	  dry	  weight	  (Figures	  5	  and	  6).	  	  Table	  6.	  Comparison	  Uptake	  of	  Phosphorus	  and	  Dry	  Weight	  of	  Corn	  Plants	  	  
Plant Dry Weight 
(g) 
%P in Plant Loam/
Sandy 
(%P) 
Change from 
Control 
(%P) 
P2O5	  
lb/AFS 
Loam Sandy Loam Sandy % Loam Sandy 
0.0 2.9 2.6 0.23 0.85 27% - -  
33.7 2.4 1.4 0.32 1.03 31% 40% 21% 
37.5 2.7 1.9 0.32 0.81 40% 41% -5% 
40.9 2.5 2.0 0.29 0.86 34% 28% 0% 
42.6 2.9 1.8 0.33 1.05 31% 43% 24% 
45.0 3.3 2.4 0.30 0.94 32% 30% 10% 
90.0 3.1 2.1 0.26 1.10 24% 16% 29% 	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DISCUSSION	  In	  this	  experiment	  sweet	  corn	  plants	  were	  grown	  in	  Loam	  and	  Sandy	  soils.	  	  	  	  The	  plants	  grown	  in	  Loam	  soil	  had	  rate	  of	  emergence,	  height	  at	  harvest	  (40	  days),	  and	  dry	  weight	  that	  were	  generally	  higher	  than	  those	  grown	  in	  Sandy	  soil.	  	  The	  plants	  grown	  in	  the	  Sandy	  soil	  had	  an	  unusually	  high	  level	  of	  phosphorus	  that	  was	  nearly	  three	  times	  the	  amount	  that	  is	  typically	  taken	  up	  by	  plants	  (Karlen,	  D.	  and	  Camp	  C.	  1988).	  The	  Loam	  soil	  was	  more	  fertile	  soil.	  	  Its	  clay	  particles	  hold	  onto	  cations	  preventing	  them	  from	  being	  leached	  from	  the	  soil.	  	  Also,	  its	  clay	  particles	  absorb	  and	  retain	  water	  much	  more	  than	  the	  Sandy	  soil.	  	  The	  Sandy	  soil	  had	  fewer	  clay	  particles	  and	  retained	  fewer	  nutrients	  for	  plant	  growth.	  	  Since	  the	  Sandy	  soil	  was	  coarse,	  its	  water	  holding	  capacity	  was	  low.	  	  For	  these	  reasons	  the	  Sandy	  soil	  was	  less	  fertile	  soil	  (Beegle,	  D.	  and	  Roth,	  G.	  2007).	  	  Plant	  Emergence	  Corn	  is	  a	  seasonal	  crop	  that	  is	  typically	  planted	  when	  the	  weather	  is	  warm	  and	  the	  soil	  temperatures	  are	  approximately	  85	  to	  90	  °F.	  A	  warm	  and	  moist	  environment	  for	  the	  first	  24-­‐48	  hours	  after	  planting	  can	  mitigate	  much	  of	  the	  stress	  in	  seeds,	  thus	  aiding	  in	  early	  emergence.	  Cooler	  temperatures	  can	  delay	  germination	  and	  stress	  emerging	  seedlings.	  In	  a	  study	  conducted	  by	  Stoll,	  M.	  and	  Saab,	  I.	  2012,	  the	  optimal	  temperature	  for	  plant	  emergence	  was	  observed	  at	  temperatures	  of	  86	  °F. 
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In	  this	  experiment	  the	  corn	  seeds	  were	  sown	  on	  October	  31,	  1987,	  and	  although	  some	  emergence	  of	  plants	  was	  observed	  in	  the	  first	  few	  days	  in	  November,	  the	  majority,	  77%,	  of	  the	  plants	  emergence	  was	  observed	  by	  the	  first	  week	  for	  seeds	  sown	  in	  the	  Loam	  soil,	  while	  only	  41%	  of	  the	  seeds	  sown	  in	  the	  Sandy	  soil	  showed	  emergence.	  The	  temperatures	  in	  San	  Luis	  Obispo,	  CA	  for	  November	  are	  typically	  in	  the	  upper	  60s,	  thus	  the	  majority	  of	  the	  seeds	  did	  not	  germinate	  until	  1-­‐2	  weeks	  after	  planting	  due	  to	  the	  cooler	  climate.	  	  	  The	  seeds	  sown	  in	  the	  Sandy	  soil	  germinated	  later	  than	  the	  Loam	  soil.	  Perhaps	  this	  is	  due	  to	  availability	  of	  water	  to	  the	  seeds	  in	  the	  Sandy	  soil.	  Sandy	  soils	  are	  more	  porous	  and	  therefore	  do	  not	  retain	  water	  as	  well.	  Also,	  the	  cooler	  temperatures	  could	  result	  in	  low	  mobility	  of	  the	  water	  stressing	  the	  seedling	  and	  delaying	  emergence	  to	  the	  soil	  surface.	  Similarly,	  the	  temperature	  could	  explain	  the	  higher	  emergence	  rate	  of	  the	  control	  for	  both	  Loam	  and	  Sandy,	  which	  at	  Day	  3	  each	  had	  2	  out	  of	  32	  seedlings	  emerged.	  The	  only	  other	  emergence	  for	  this	  time	  period	  was	  observed	  in	  the	  Loam	  45	  lb	  P2O5/AFS	  applications,	  which	  also	  had	  2	  seedlings	  out	  of	  32	  emerged.	  At	  Day	  4	  the	  control	  treatments	  for	  Sandy	  had	  6	  plants	  and	  the	  Loam	  had	  8	  plants.	  Only	  the	  Loam	  90	  lb	  P2O5/AFS	  had	  a	  higher	  rate	  of	  emergence	  of	  10	  plants.	  The	  control	  treatments	  were	  placed	  after	  the	  90	  lb	  P2O5/AFS	  treatments,	  which	  were	  closest	  to	  the	  center	  of	  the	  greenhouse.	  The	  lowest	  fertilized	  soils	  were	  placed	  on	  the	  edge	  nearest	  the	  side	  of	  the	  green	  house	  and	  possibly	  exposed	  to	  a	  lower	  temperature	  (Figure	  7).	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In	  addition	  to	  being	  placed	  in	  a	  potentially	  warmer	  area,	  some	  of	  the	  seeds	  may	  have	  had	  a	  sufficient	  amount	  of	  phytin	  in	  the	  seeds	  to	  aid	  the	  seed	  in	  early	  germination	  (Chang,	  C.	  1967).	  Phytin	  is	  the	  main	  source	  of	  P	  in	  the	  seed	  that	  aids	  the	  plant	  in	  early	  root	  development,	  allowing	  the	  plant	  to	  take	  up	  other	  nutrients	  such	  as	  Nitrogen	  that	  are	  needed	  for	  plant	  growth.	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  Diagram	  	  Plant	  Height	  Plant	  height	  can	  be	  important	  to	  plant	  hardiness	  and	  nutrient	  uptake,	  and	  it	  can	  strongly	  effect	  the	  survival	  of	  a	  plant.	  	  In	  growing	  corn	  it	  is	  important	  to	  get	  the	  crop	  up	  and	  growing	  in	  order	  to	  allow	  furrow	  irrigation.	  	  In	  salty	  soils	  it	  is	  also	  essential	  to	  have	  a	  large	  initial	  growth	  response	  to	  avoid	  salt	  damage	  that	  usually	  occurs	  on	  smaller	  seedlings.	  	  Plant	  height	  can	  also	  be	  an	  indication	  of	  the	  health	  of	  the	  plant.	  	  Increased	  height	  could	  indicate	  increased	  solute	  content.	  In	  this	  study	  plant	  height	  was	  monitored.	  	  In	  both	  the	  Loam	  and	  Sandy	  grown	  plants,	  height	  generally	  increased	  with	  P2O5	  application.	  However,	  only	  the	  highest	  levels	  of	  45	  lb	  P2O5/AFS	  and	  90	  lb	  P2O5/AFS	  had	  a	  significant	  increase	  in	  plant	  height	  (Loam	  6%,	  17%	  and	  Sandy	  13%,	  12%,	  respectively).	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Early	  emergence	  of	  the	  plant	  did	  not	  lead	  to	  greater	  average	  height	  at	  harvest.	  In	  both	  the	  Loam	  and	  Sandy	  soils,	  the	  control	  had	  the	  highest	  rate	  of	  emerging	  plants	  at	  Day	  3,	  and	  with	  the	  exception	  of	  the	  Loam	  treatment	  of	  90	  lb	  P2O5/AFS,	  also	  had	  the	  highest	  rate	  of	  emergence	  at	  Day	  4.	  The	  average	  height	  of	  all	  of	  the	  plants	  treated	  with	  rock	  phosphate	  grown	  in	  the	  Loam	  soil	  was	  greater	  than	  that	  of	  the	  control.	  Similarly,	  except	  for	  seeds	  planted	  in	  the	  soil	  treated	  with	  33.7	  lb	  P2O5/AFS,	  which	  was	  impacted	  by	  late	  emergence	  (one	  of	  the	  replicates	  had	  only	  4	  plants	  at	  initial	  trimming,	  Day	  16,	  and	  later	  had	  a	  seedling	  emerge	  at	  Day	  35,	  just	  5	  days	  prior	  to	  harvest),	  the	  average	  height	  for	  the	  corn	  plants	  grown	  in	  the	  Sandy	  soil	  were	  taller	  than	  that	  of	  the	  control.	  	  	  
	  Plant	  Dry	  Weight	  The	  plants’	  dry	  weight	  was	  used	  as	  a	  measure	  of	  the	  solute	  in	  a	  plant.	  	  The	  dry	  weight	  of	  a	  plant	  is	  important	  in	  evaluating	  the	  overall	  health	  of	  a	  plant.	  The	  dry	  weight	  not	  only	  reflects	  the	  height	  of	  the	  plant,	  but	  also	  the	  “fullness”	  of	  the	  plant	  such	  as	  numbers	  of	  leaves,	  thickness	  of	  leaves	  and	  thickness	  of	  stalk	  (Faust.	  J.	  2004).	  	  A	  high	  dry	  weight	  indicated	  a	  high	  volume	  of	  growth	  in	  the	  plant.	  	  A	  higher	  amount	  of	  growth	  indicates	  a	  healthier	  and	  more	  vigorous	  plant.	  	  	  In	  this	  experiment	  the	  dry	  weight	  of	  plants	  grown	  in	  Loam	  soil	  was	  consistently	  higher	  than	  the	  plants	  grown	  in	  the	  Sandy	  soil	  (Table	  7),	  indicating	  that	  the	  plants	  in	  the	  Loam	  soil	  were	  generally	  healthier	  than	  those	  grown	  in	  the	  Sandy	  soil.	  The	  Loam	  soil	  had	  higher	  amounts	  of	  organic	  matter	  and	  clay	  particles	  than	  the	  Sandy	  soil,	  resulting	  in	  more	  nutrient	  availability	  and	  water	  retention	  for	  the	  plants’	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growth	  and	  development.	  At	  the	  highest	  applications	  of	  45	  lb	  P2O5/AFS	  and	  90	  lb	  P2O5/AFS	  the	  growth	  of	  the	  corn	  plant	  was	  improved	  both	  in	  plant	  height	  and	  plant	  dry	  weight.	  	  Table	  7.	  Plant	  Height	  and	  Dry	  Weight	  in	  Corn	  Plants	  
Harvest Height 
(cm) 
Dry Weight 
(cm) 
Plants (Day 5) 
(Out of 32 seeds) 
Treat
ments P2O5	  
lb/AFS Loam Sandy Loam Sandy Loam Sandy 
0.0 41.5 39.4 2.9 2.6 19 8 
33.7 42.1 35.2* 2.4 1.4* 7 2 
37.5 42.2 41.4 2.7 1.9 8 5 
40.9 42.5 42.9 2.5 2.0 11 1 
42.6 42.9 42.6^ 2.9 1.8^ 12 5 
45.0 44.2 44.7 3.3 2.4 14 10 
90.0 49.2 44.2 3.1 2.1 19 11 *One	  replica	  had	  only	  4	  plants	  at	  initial	  trimming,	  Day	  16,	  and	  later	  had	  a	  seedling	  emerge	  5	  days	  prior	  to	  harvest	  ^	  One	  of	  four	  replicates	  had	  only	  3	  plants	  instead	  of	  the	  expected	  5	  due	  to	  low	  emergence	  	   The	  plants	  dry	  weights	  for	  the	  plants	  grown	  in	  the	  Loam	  soil	  fluctuated	  with	  increasing	  rock	  phosphate	  application	  and	  did	  not	  correlate	  with	  plant	  height,	  which	  increased	  with	  increased	  application	  of	  rock	  phosphate.	  In	  the	  Sandy	  soil	  the	  plant	  dry	  weight	  trended	  in	  the	  same	  direction	  as	  the	  plants’	  average	  height	  at	  harvest,	  generally	  increasing	  as	  the	  application	  of	  rock	  phosphate	  increased.	  A	  notable	  exception	  was	  seen	  in	  the	  control	  (discussed	  below)	  and	  the	  33.7	  lb	  P2O5/AFS,	  where	  it	  was	  impacted	  by	  later	  emergence.	  (Figures	  8	  and	  9).	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  Figure	  8.	  Comparison	  of	  Plant	  Height	  to	  Dry	  Weight	  in	  Loam	  Soils	  
	  Figure	  9.	  Comparison	  of	  Plant	  Height	  to	  Dry	  Weight	  in	  Sandy	  Soils	  	   The	  dry	  weights	  of	  the	  plants	  were	  generally	  higher	  for	  treatments	  that	  had	  early	  plant	  emergence	  (plants	  observed	  at	  Day	  3-­‐5)	  rather	  than	  plant	  height	  at	  harvest.	  	  The	  seeds	  for	  some	  of	  the	  plants	  may	  have	  had	  a	  slightly	  higher	  amount	  of	  phytin,	  which	  aided	  in	  the	  initial	  development	  of	  the	  seedling.	  The	  seedlings	  could	  then	  take	  advantage	  of	  the	  high	  phosphorus	  application	  and	  rapidly	  grow	  roots	  to	  absorb	  other	  critical	  nutrients	  for	  plant	  growth	  that	  then	  resulted	  in	  thicker	  healthier	  stalks	  (Collins,	  M	  and	  Lang,	  D.J.	  1986).	  	  
0.0	  0.5	  1.0	  
1.5	  2.0	  2.5	  
3.0	  3.5	  4.0	  
30.0	  35.0	  
40.0	  45.0	  
50.0	  
0.0	   33.7	   37.5	   40.9	   42.6	   45.0	   90.0	  
Dry	  Wt
.	  (g)	  
	  Height
	  (cm)	  
P2O5	  lb/AFS	  	  
Height	  Dry	  Wt	  
0.0	  0.5	  
1.0	  1.5	  
2.0	  2.5	  
3.0	  
30.0	  35.0	  
40.0	  45.0	  
50.0	  
0.0	   33.7	   37.5	   40.9	   42.6	   45.0	   90.0	  
Dry	  Wt
.	  (g)	  
Height
	  (cm)	  
P2O5	  lb/AFS	  	  
Height	  Dry	  Wt	  
THE RELATIONSHIP OF APPLIED ROCK PHOSPHATE  Page 26 of 31	  
	  Plant	  Location	  The	  effects	  of	  plant	  location	  with	  respect	  to	  sunlight	  and	  temperature	  was	  not	  accounted	  for	  in	  the	  different	  treatments.	  	  The	  plants	  were	  placed	  in	  increasing	  order	  of	  treatment.	  	  The	  plants	  with	  the	  most	  fertilizer,	  90	  lb	  P2O5/AFS,	  were	  placed	  furthest	  east	  in	  the	  greenhouse,	  thus	  exposing	  them	  to	  more	  light	  and	  less	  shading.	  	  This	  was	  apparent	  in	  the	  control,	  since	  the	  control	  was	  placed	  east	  of	  the	  90	  lb	  P2O5/AFS	  treatment	  and	  received	  the	  most	  light	  and	  a	  warmer	  environment,	  therefore	  having	  a	  better	  opportunity	  to	  photosynthesize,	  thus	  increasing	  its	  solute	  content.	  	  	  The	  Loam	  control	  was	  higher	  than	  several	  different	  treatments	  of	  rock	  phosphate	  and	  the	  dry	  weight	  in	  the	  control	  Sandy	  soil	  was	  higher	  than	  all	  the	  other	  treatments	  on	  that	  soil.	  	  Plant	  Uptake	  of	  P	  The	  uptake	  of	  phosphorus	  was	  the	  main	  emphasis	  of	  this	  experiment.	  	  It	  was	  felt	  that	  increased	  availability	  of	  P2O5	  to	  the	  plants	  would	  increase	  root	  development	  and	  aid	  in	  the	  uptake	  of	  critical	  nutrients	  for	  plant	  growth	  and	  development.	  In	  this	  experiment	  the	  %	  P	  measured	  after	  drying	  was	  inversely	  related	  to	  the	  plants	  dry	  weight.	  The	  higher	  the	  plants	  dry	  weight,	  the	  lower	  the	  %	  P	  was	  found	  to	  be	  in	  the	  plant	  (Table	  8).	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Table	  8.	  Comparison	  of	  Plant	  Height,	  Dry	  Weight	  and	  %	  P	  in	  Corn	  Plants	  
Height (cm) Dry Weight (g) % P P2O5	  
lb/AFS Loam Sandy Loam Sandy Loam Sandy 
0.0 41.5 39.4 2.9 2.6 0.23 0.85 
33.7 42.1 35.2 2.4 1.4 0.32 1.03 
37.5 42.2 41.4 2.7 1.9 0.32 0.81 
40.9 42.5 42.9 2.5 2.0 0.29 0.86 
42.6 42.9 42.6 2.9 1.8 0.33 1.05 
45.0 44.2 44.7 3.3 2.4 0.30 0.94 
90.0 49.2 44.2 3.1 2.1 0.26 1.10 	  	  The	  healthier	  plants	  may	  have	  had	  a	  higher	  dry	  weight	  but	  a	  lower	  %	  P	  because	  the	  phosphorus	  was	  available	  and	  utilized	  by	  the	  plant	  to	  develop	  a	  stronger	  root	  system	  that	  was	  then	  able	  to	  absorb	  more	  nutrients	  for	  plant	  (stalk	  and	  leaves)	  development.	  The	  plants	  with	  a	  excessive	  level	  of	  %	  P	  (0.8%)	  were	  less	  hardy,	  even	  though	  their	  average	  plant	  height	  was	  taller	  than	  some	  of	  treatments	  with	  lower	  %	  P,	  possibly	  because	  their	  root	  systems	  were	  not	  as	  robust	  so	  the	  plants	  were	  unable	  to	  absorb	  as	  much	  nutrients	  to	  promote	  a	  healthier	  and	  thicker	  plant	  stalk	  and	  leaves.	  In	  these	  plants	  a	  higher	  percentage	  of	  phosphorus	  may	  have	  been	  absorbed	  into	  the	  plant	  while	  other	  nutrients	  such	  as	  nitrogen	  may	  have	  either	  been	  tied	  up	  in	  the	  soil	  or	  not	  present	  near	  the	  plants	  roots.	  	  	   Another	  factor	  that	  may	  have	  contributed	  to	  high	  uptake	  of	  phosphorus	  by	  the	  plants	  grown	  in	  the	  Sandy	  soil	  is	  the	  pH	  of	  the	  soil.	  Sandy	  soils	  are	  more	  acid	  than	  Loam	  soils.	  At	  pH	  above	  7.5	  the	  phosphorus	  reacts	  with	  cations	  such	  as	  calcium	  and	  magnesium	  forming	  insoluble	  complexes	  and	  at	  pHs	  below	  6.0	  the	  P2O5	  reacts	  with	  the	  metal	  micronutrients	  and	  forms	  insoluble	  complexes.	  	  In	  this	  study	  the	  Loam	  control	  was	  found	  to	  be	  at	  pH	  8.05,	  which	  is	  slightly	  alkaline,	  thus	  phosphorus	  uptake	  could	  be	  inhibited	  by	  the	  formation	  of	  insoluble	  complexes.	  	  However,	  the	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measured	  phosphorus	  for	  the	  plants	  grown	  in	  the	  Loam	  soil	  were	  between	  3.8	  –	  8.45	  mg/g	  of	  dry	  plant	  weight,	  which	  is	  within	  the	  typical	  range	  of	  1-­‐8	  mg/g	  of	  dry	  plant	  weight,	  (Follet,	  et	  al.	  1981,	  pg	  90).	  	  	  The	  Sandy	  soil,	  having	  few	  cations	  to	  react	  with	  phosphorus,	  allows	  the	  phosphorus	  uptake	  to	  be	  maximized.	  	  In	  this	  experiment	  the	  phosphorus	  in	  the	  plants	  grown	  in	  the	  Sandy	  soil	  was	  as	  much	  as	  three	  times	  as	  high	  as	  in	  the	  plants	  grown	  in	  the	  Loam	  soil	  for	  the	  same	  treatment,	  with	  a	  high	  of	  25.08	  mg/g	  of	  dry	  plant	  weight.	  Although	  the	  Sandy	  control	  was	  found	  to	  be	  at	  pH	  6.22,	  which	  is	  optimal	  for	  P2O5	  uptake	  (Cabala-­‐Rosand	  ,	  P	  and	  Wild	  A.	  1981),	  the	  values	  obtained	  for	  this	  experiment	  are	  unusually	  high.	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CONCLUSIONS	  	  This	  study	  explored	  the	  relationship	  of	  applied	  rock	  phosphorus	  on	  sweet	  corn	  height,	  dry	  weight,	  and	  phosphorus	  uptake.	  	  The	  increase	  in	  plant	  height	  was	  in	  direct	  response	  to	  applied	  P2O5.	  	  Increased	  applied	  P2O5	  increased	  the	  plants	  height,	  but	  not	  necessarily	  the	  plants	  dry	  weight.	  The	  dry	  weight	  of	  the	  plant	  was	  related	  to	  early	  emergence	  at	  3-­‐5	  days	  from	  planting.	  Seeds	  that	  germinated	  within	  a	  few	  days	  of	  planting	  had	  the	  most	  robust	  growth	  and	  therefore	  had	  the	  highest	  dry	  weight.	  The	  uptake	  of	  phosphorus	  was	  highest	  among	  plants	  with	  the	  lowest	  dry	  weight.	  Plants	  that	  had	  a	  more	  developed	  root	  system	  may	  have	  been	  able	  to	  take	  up	  a	  higher	  amount	  of	  other	  nutrients	  that	  promoted	  thickening	  of	  the	  plant	  stalk	  and	  leaves,	  which	  resulted	  in	  a	  higher	  dry	  weight,	  but	  lower	  level	  of	  phosphorus.	  Notably,	  the	  controls	  for	  both	  soils	  had	  better	  plant	  growth	  for	  the	  plants	  grown	  with	  applications	  of	  42.6	  lb	  P2O5/AFS	  or	  less.	  This	  demonstrates	  the	  importance	  of	  environment	  to	  the	  health	  and	  growth	  of	  corn	  plants.	  The	  controls	  may	  have	  had	  a	  warmer,	  lighter	  and	  moister	  environment	  being	  near	  the	  center	  of	  the	  greenhouse,	  compared	  to	  the	  lower	  phosphorus	  treatments	  which	  were	  near	  the	  outside	  wall	  of	  the	  greenhouse	  (Faust.	  J.	  2004).	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Recommendations	  for	  Further	  Study	  Areas	  that	  should	  be	  further	  explored	  are	  the	  impact	  of	  light	  and	  temperature	  on	  the	  emergence	  of	  corn	  plants,	  the	  pH	  of	  all	  the	  treated	  soils,	  the	  availability	  of	  P2O5	  over	  time	  and	  the	  P2O5	  content	  of	  the	  soils	  at	  the	  end	  of	  the	  experiment.	  	  	  The	  treatment	  locations	  should	  be	  randomized	  so	  that	  the	  replicates	  are	  not	  biased	  by	  light	  or	  temperature	  exposure.	  The	  pH	  could	  vary	  from	  treatment	  to	  treatment,	  thus	  affecting	  the	  uptake	  of	  phosphorus.	  	  Much	  of	  the	  phosphorus	  applied	  today	  is	  usually	  not	  available	  for	  several	  years,	  so	  this	  experiment	  should	  be	  conducted	  again	  in	  the	  same	  pots	  of	  soil	  to	  test	  the	  availability	  of	  phosphorus	  over	  time.	  	  Lastly,	  since	  the	  phosphorus	  uptake	  in	  the	  Sandy	  soil	  was	  so	  high,	  the	  soil	  should	  be	  further	  tested	  for	  P2O5	  content	  and	  other	  soil	  complexes	  that	  may	  enhance	  phosphorus	  uptake.	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